The pollination biology of Drymonia serrulata was studied in central Panama. D. serrulata produces a small number of flowers daily for several months. Flowers are dichogamous with a one day male phase followed by a one day female phase. The average volume of nectar produced by a Drymonia flower over the two-day period was 264.4 Al (SD = 98.8, N = 4), a value much higher than has been reported for other bee-pollinated flowers. D. serrulata is completely self-compatible. Fruit set for between and within plant pollinations in greenhouse grown plants was 67 percent. Autogamy is precluded by the temporal separation of anther dehiscence and stigma receptivity.
FAMILY consisting of about 120 genera and 2500 species of herbs, shrubs, lianas or epiphytes (Cronquist 1981) . Although much is known about the floral morphology and presumed pollination of many of these species, few if any detailed pollination studies have been published. Wiehler (1978) estimated that 60 percent of Neotropical Gesneriaceae are pollinated by hummingbirds, 30 percent by nectar-seeking euglossine bees and about 10 percent by bats, butterflies, moths, flies or scent-collecting male euglossines. The actual number of field observations on which these estimates were based, however, was not presented. Dressler (1968) reported pollination of Gloxinia perennis and Drymonia tumrialvae by scent collecting Eulaema mefiana and Eulaema nignifacies males, respectively, while Wiehler (1977) reported his own observations of male and female Euglossa gibbosa visiting Drymonia ecuadorensis in Ecuador and observations by Dressler of Euglossa gorgoensis and Euglossa nigrosignata visiting Drymonia aciculata in Panama. Dressler (pers. comm.) has also observed Euglossa asarophora (female) visiting Drymonia dressleri in Panama and Eulaema speciosa (males) visiting an unidentified species of Dtymonia in Ecuador. The only non-euglossine flower visitors observed visiting Drymonia were Thygater sp. (Anthophoridae) to an undetermined Gesneriaceae species in Veracruz, Mexico (Dressler, pers. comm.) . In Costa Rica, Feinsinger (pers. comm.) has found Drymonia rubra to be pollinated by hummingbirds.
Recent studies have greatly increased our understanding of Neotropical bee pollinators through broad surveys (Heithaus 1979a, b, c; Roubik 1979) or detailed studies of specific taxa. These indude the Meliponini (Uohnson and Hubbell 1974, 1975; Roubik 1978 Roubik , 1980 Roubik , 1982a , Euglossini (Janzen 1971 (Janzen , 1981 Williams and Dodson 1972; Williams 1978; Schemske 1981; Dressler 1982; Ackerman 1983a, b; Ackerman et al. 1982 ) and some Anthophoridae (Frankie et al. 1976 (Frankie et al. , 1979 (Frankie et al. , 1980 (Frankie et al. , 1983 Frankie and Haber 1983; Roubik et al. 1982) . Very little has been published on the biology of Epicharis (Anthophoridae), a group of medium to large bees, except for Neff and Simpson's (1981) consideration of their oil collecting structures, some information on nesting biology (Vessey-Fitzgerald 1939 , Camargo et al. 1975 , Roubik and Michener 1980 and floral visitation records from Costa Rica (Heithaus 1979a, c) , and South America (Ducke 1901 , Schrottky 1908 , Vessey-Fitzgerald 1939 , Vogel 1974 , Roubik 1979 .
Female bees in several genera of Anthophoridae, induding Epichatis, visit members of the Malpighiaceae to collect pollen and floral oils (Vogel 1974; Neff 1981, 1983; Steiner, pers. obs.) . Both males and females, however, must visit nectar-producing flowers as well. Here I describe the interaction between several bee species and Drymonia serrulata (Jacq.) Mart., a nectar flower that deposits small quantities of oil on the dorsum of its pollinators and thus facilitates pollen transfer.
MATERIALS, METHODS AND STUDY SITE
This study was conducted on Barro Colorado Island (see Croat 1978 for climatic and floristic information) and nearby areas of the mainland of central Panama, primarily Two principal study sites induded the Barro Colorado Island (BCI) shoreline just north of the dock area and a roadside about 2 km northwest of Gamboa. Minor sites were Frijoles station, near the transisthmian railway line, and Pipeline Road, about 3.8 km northwest of Gamboa. These sites are referred to subsequently as BCI, Gamboa, Frijoles and Pipeline Rd. All of the study sites were on the edge of or within 20 m of second growth forest sites capable of supporting tropical moist forest.
Drymonia serrulata is a dimbing, often hemiepiphytic, deciduous vine that occurs in tropical forests from Mexico to Brazil and Bolivia (Croat 1978) . In areas near the Panama Canal, it is common in and around second growth forest and often in more open disturbed areas as well (Steiner, pers. obs.). On BCI, it is common along the shoreline, but it is also found occasionally in the forest canopy (Croat 1978) . D. serrulata flowers during the rainy season from about mid-July to mid-December (Steiner, pers. obs.). Fruits mature from August to February. FLORAL MORPHOLOGY.-Drymonia serrulata has large, mildly fragrant symmetrical, tubular flowers (Figs. 1 and 2); they are cream-colored with violet to purple blotches on the corolla lobes and have similarly colored nectar guides on the waxy lower corolla surface. These guides converge on a groove or channel formed by the constriction of the lower sides of the corolla (Figs. 2a, b) . This channel forces a bee to pass directly under the anthers or stigma. Access to the nectar chamber behind the ovary must be gained through one of two small openings (< 1 mm2) that flank the top of the ovary. At the bottom of the chamber is a large nectary that surrounds the dorsal base of the ovary. Since there are only two very small openings at the top of the chamber, nectar does not spill 218 Steiner out, even though the base of the flower is above the mouth of the corolla (Fig. 1 ).
Floral development was followed from early bud stages to abscission of the corolla. Flowers were checked throughout the day and at night to determine the timing of anthesis and subsequent changes in the positioning of the sexual parts. Nectar was sampled from four bagged flowers from a single plant (two separate days) for the duration of the secretion period (35 h). Nectar was sampled only after the flowers had opened, even though nectar secretion begins earlier. To remove nectar, a small piece of tissue was removed from the nectar chamber; due to the thick waxy structure of the wall, this process did not result in premature senescence. Nectar was collected in calibrated micropipets and the concentration of each sample was measured in wt/total wt equivalents of sucrose (percent total dissolved solids) with a temperaturecompensated refractometer. The first sample was made at 0530 (local time) for two of the flowers and at 0630 for the other two. Nectar was removed hourly subsequent to the initial sample except during the night. The only night sample was taken at 2330. The amount present at that time and at 0530 was divided by the number of unsampled hours prior to those times to arrive at an average hourly secretion rate for the night period. Nectar was spotted onto Whatman #1 filter paper strips and later analyzed for sugar and amino acid composition and for the presence of lipids, proteins and phenolics using the methods of Baker and Baker (1977 .
Flower opening is a gradual process that can take several hours to complete and is often quite variable in time of initiation. However, virtually all flowers opened before dawn. Flowers usually last two days and are strongly protandrous. For the entire first day they are in the male phase (Figs. la, 2b, 3a and b) . In this stage, the anthers occupy the center of the corolla tube forcing the bees to contact them when probing for nectar. The anthers are attached to the filaments in a manner which causes them to pivot and become inverted when pushed from below. When the anthers are inverted, pollen falls out of the pollen sacs and is usually deposited on the thoracic dorsum of the bee. Flowers remain open during the night between day one and day two, entering the female phase between 2330 and 0530. The filament bases become coiled and draw the empty anthers to the base of the ovary away from the area occupied by a visiting bee. The style elongates and moves the two-lobed stigma into the position previously occupied by the anthers (Figs. lb and 2a) . In this position, the stigma lobes can contact the pollen-covered thorax of an incoming bee. When the flowers of Drymonia open, there is usually a yellowish liquid present on the outwardly facing surface of each anther (Fig. 3a) . The amount present varies from flower to flower, but is approximately 0.2-0.5 ,ul. This material is deposited in an early bud stage as the filaments elongate and push the anthers against glandular trichomes that line the upper surface of the corolla tube (Figs. 2c and d). The chemical nature of this secretion was investigated in three ways. It was spotted onto filter paper and exposed to a one percent solution of osmium tetroxide, fresh tissue bearing the secretion was placed in Sudan IV, and in an aqueous solution of neutral red (1:10,000). The structure of the trichomes was examined by light and scanning electron microscopy. Material for the light microscope was mounted whole or embedded in paraffin and sectioned, while material for the SEM was run through an ethanol dehydration series, critical point dried, and coated with gold-palladium. The adhesive property of this secretion was tested by counting pollen grains with a compound microscope before and after blowing across microscope slides that had pollen deposited on areas with and without the secretion. The initial number of grains for the seven trials ranged from 65 to 238. BREEDING SYSTEM.-The breeding system of Dtymonia serrulata was investigated by experimental crossing in the greenhouse at Davis, Califomia. I used two plants collected on BCI and one from Pipeline Rd. Comparisons were made of within plant pollen transfer (geitonogamy) and between plant transfer (xenogamy). At the Gamboa field site, fruit set of two open pollinated plants was monitored between 5 Oct and 29 Oct. Fruit set was assessed when the ovaries had significantly enlarged (at 220 Steiner least two weeks) or in many cases not until the fruits had fully matured (about seven weeks).
FLORAL VISITORS.-Visitation pattems of insects were observed for 62 hours on 39 days in 1977, 1979, and 1981 . Most of the observations were made between 0600 and 1500, but observations were made as early as 0450 and as late as 1710. A few checks were also made during the night in conjunction with nectar sampling (2330) and flower opening observations (2400-0500). Dawn came at about 0540 with sunrise occuring at about 0600 local time.
Vouchers of many of the floral visitors were collected and are deposited in the University of California, Davis Entomology Museum, the Los Angeles County Museum and the Oakland Museum, Oakland, California. Bee length (head to abdomen), forewing length, and thorax width and height were measured for the bees collected.
The two most important species of bee visitors to Drymonia serrulata were Epicharis rustica and Epicharis monozona (Anthophoridae). The site fidelity of these two species was examined by marking 19 E. monozona bees at Gamboa and four E. rustica bees on BCI. At the time of capture, the sex of each bee was recorded and the thorax marked with ink numerals or enamel paint on a base of typewriter correction fluid. Flower visitors were carefully observed to determine the frequency of visitation, the reward obtained, the potential for pollen removal and deposition, and the effect of interspecific interactions on visitation behavior. Two of 12 female bees collected had large scopal pollen loads. These loads were checked for Drymonia pollen.
RESULTS
NECTAR.-The rate of nectar secretion varies over the life of an average Drymonia flower, with a peak each day between 0730 and 0930 (Figs. 4a and b). Although both concentration (g/ 100 g) and volume change during the life of a flower (Figs. 4b and c), the combined result ( Fig.  4a ) is similar to the pattern for volume alone (Fig. 4b) . Nectar volumes and concentrations of an average flower are presented for the entire two day life span and for day one and day two separately (Table 1 ). The nectar of D. serrulata is sucrose dominant with an average sucrose to glucose and fructose ratio of 4.29 (N= 2) for samples from two different flowers on the same plant. Lipids, proteins and phenolics were not detected, and amino acids were few and present in low concentrations.
POLLEN.-The only bees caught with large pollen loads while visiting Drymonia serrulata were an Epicharis monozona at Porto Bello (Colon Prov., Panama) and an Epicharis rustica from Frijoles. In both cases, these loads contained only a very small proportion of Drymonia pollen grains. Both loads contained oil which was probably collected at Malpighiaceae flowers, as malpig pollen grains were mixed with the oil. In the former Canal Zone, Epicharis monozona individuals have been collected from Mascagnia nervosa (Malpighiaceae) flowers with Drymonia pollen on the dorsal surfaces of their thoraxes (Steiner, unpublished) .
The glandular trichomes present on the upper surface of the corolla consist of a two-to three-celled stalk bearing a multicellular sphere of secretory cells (Fig. 5) . The multicellular nature of the sphere is not apparent in the SEM photograph because of a thick cuticular layer (Fig. 6) . The yellowish liquid secreted by these trichomes did not react with osmium tetroxide, a test for unsaturated fatty acids, but it did react positively with Sudan IV and Neutral Red, both the oil secretion itself and the bulbous tips of the glandular trichomes.
Pollen grains that come in contact with a thin layer of the oil secretion cannot be blown off a glass slide. The average decrease in number of pollen grains after blowing across a slide with oil was 1.1 percent (SD = 3.0, N = 7), and in all but one case, there was no decrease at all. For neighboring grains on the same slide that were not in contact with the oil, the average decrease was 36.4 percent (SD = 18.4, N = 7).
BREEDING SYSTEM.-Drymonia serrulata is completely selfcompatible. Fruit set for both between and within plant pollinations in greenhouse grown plants was 67 percent (N = 21 for each treatment). This is very close to the open pollinated fruit sets of two plants at the Gamboa site which were 65 percent (N= 31) and 68 percent (N= 41).
FLORAL VISITORS.-Drymonia serrulata flowers were visited only by diurnal and matinal species including bees and skipper butterflies ( Table 2 ). The most commonly observed visitors were Epicharis rustica (males and females), Epicharis monozona (males and females), and Euglossa tridentata (males and females) and three species of Hesperiidae. It was not possible to distinguish species of Euglossa as they visited flowers, but of those collected (N = 30) 66 percent were Eu. tridentata. For all but two collection days, Epicharis rustica or E. monozona were the most frequent visitors to Drymonia flowers (Table 3) . On BCI, E. rustica was the most abundant species early in the morning. Although Euglossa visits were twice as frequent as E. rustica visits for the entire three hour observation period on Sep 26, during the first hour (0600-0700) E. rustica visits were three times as frequent (N = 8). Males and females of E. rustica were collected in nearly equal proportions (0.45 vs 0.55, N = 10), but females of Euglossa tridentata and E. monozona were caught more commonly than males (0.61 vs 0.38, N = 18; and 0.65 vs 0.35, N= 20, respectively). Of the 19 E. monozona bees caught and marked at Gamboa, eight were male, nine were female and for two bees, the sex was not noted. When an Epicharis enters the throat of a male phase flower, its head pushes against the lower portion of the anthers causing them to move upward and out of the way. As the bee continues forward, it rubs against the front surface of the anthers, picks up some oil on its thorax, and causes pollen to fall onto the thorax. The dimensions most clearly influencing the pollinating capability of bee visitors to Drymonia are width and height. Although Epicharis rustica and Epicharis monozona differ significantly in size, the absolute difference between the means is quite small relative to the much smaller Euglossa tridentata (Table 4) . In order to climb up to the nectary, a bee must brace itself against the side of the corolla (Fig.  3d) . Large bees such as Epicharis spp. contact the anthers and stigmas in the process, but the much smaller Euglossa and were also never observed to contact stigmas. Euglossa tridentata occasionally hit the lower tips of the anthers and became dusted with pollen, because the anthers hang lower than the stigmas. Because of its shorter body length, pollen often fell on the wings or abdomen rather than on the thorax. Four male E. rustica bees were captured and marked on BCI; two of these were recaptured two days later at the same plant. Nineteen E. monozona bees (eight males, nine females, two unrecorded) were marked at the Gamboa site. Seven of these were recaptured only once (three the same day, two the next day and two on day two), while two were recaptured twice, one on the same day it was marked, and one on day one and day two after marking. Three bees, one male and two females were recaptured on the second day after marking.
The skipper butterflies were observed only between 0530 and 0600 just before dawn. Bungalotis midas, Dyscophellus phraxanor, and D. nicephorus were observed on BCI, while only D. nicephorus was observed at the Gamboa site. During observations on BCI, as many as six skipper individuals visited flowers on the observation plant. Although frequent visitors, these insects are ineffective pollinators because they perch on the lower corolla lobes and only their probosci enter the flowers. Contact with the anthers and stigmas must be a rare occurence and even if anthers are contacted, it is doubtful that the proboscis would push with sufficient force to pivot them and cause pollen deposition.
Trigona pallens was common on Drymonia serrulata flowers, particularly at the Gamboa and Frijoles sites. These bees collected the oil present on the surface of the anthers with their mandibles and then transfered it to their hind scopae. Pollen that had been knocked out of the anthers by other bees and pollen adhering to the openings of the anthers was also collected by T. pallens. Nectar was never collected by these bees, and legitimate pollen transfer was probably infrequent. Often one or two bees foraged at the same flower. The presence of these pollen robbers frequently influenced the visitation behavior of other bees. Nine T. pallens attacks on other bees were recorded on seven different days. Trigona pallens struck the visitor in the abdomen while the visitor was in the flower or it hovered in front of the flower and prevented entry. T. pallens was observed attacking the much larger Epicharis rustica, Epicharis monozona, Euglossa spp., and Eufriesia surinamensis. The response of the bees that were attacked was variable; in some cases attacks had no obvious effect and in other cases the bees left or avoided flowers occupied by T. pallens. Visits by Ceratina bees were only rarely observed. These bees visited only male phase flowers to collect pollen.
Because of the large amount of nectar secreted by the flowers of Drymonia serrulata, one might have expected visits by nectar robbers. At Gamboa, the Purple-crowned Fairy (Heliothryx barroti) hummingbird was observed on four occasions probing at the nectar chamber of Drymonia flowers from the base of the flower. These visits were very quick and usually unsuccessful as few flowers were found with pierced chambers. Direct access to nectar by hummingbirds is prevented by the curved structure of the corolla and the very narrow openings to the nectar chamber. Although the Purple-crowned Fairy also occurs on BCI, Pipeline Rd. and at Frijoles, it was not observed at these sites.
DISCUSSION
Drymonia serrulata produced flowers over a 4-5 month period, a steady state flowering pattem (sensu Gentry 1974), typical of plants that are pollinated by euglossine bees (Janzen 1971 , Frankie et al. 1983 ). Based on previous reports, it is surprising to find anthophorids (Epicharis spp.) rather than euglossines as primary pollinators of Drymonia serrulata in Panama. Although Euglossa spp.
224
Steiner are common visitors to D. serrulata, they must be regarded along with the matinal skippers as nectar thieves (sensu Inouye 1980), because they remove nectar without contacting stigmas during visitation. The recapture data of male and female Epicharis spp. over two or more days at D. serrulata suggests site constancy by these bees and similar foraging strategies by males and females. Both male and female Epicharis spp. forage on Drymonia serrulata, but they have different overall foraging requirements. Males presumably visit only nectar flowers, while females, in order to obtain food for their larvae, must visit pollen and oil producing flowers as well (Steiner, pers. obs.). Daily and seasonal partitioning of visits by females to nectar, pollen and oil flowers, if any, is unknown.
Features that exdude some bees from utilizing D. serrulata flowers as a food source indude a relatively inaccessible nectar chamber, a waxy inner corolla surface that causes small bees to slip as they climb toward the nectary (see Figs. la, b and 3b) and a nectar chamber that has a thick protective wall that is hidden by enlarged leaf-like sepals. Effective pollination of Drymonia flowers depends on pollinator size. The Euglossa spp. that visited the flowers were all too small to contact the stigmas, while bees larger than the Epicharis pollinators (e.g., Exaerete frontalis and Eulaema meriana) were too large to fit inside the corolla. Visits by the euglossines Eufriesia surinamen- D. serrulata. The average daily nectar reward for both day one and day two flowers (Table 1) is greater than typically found in large bee poIlinated flowers (Opler 1983 , Frankie et al. 1983 . One must view these data with caution, however, as only one individual was sampled and nectar flow data can be quite variable between as well as within individuals in tropical forests (Feinsinger 1983, Frankie and Haber 1983) . Nevertheless, the quantity produced by an average flower on this plant was unusually large. Opler (1983) found only two of 19 plants with flowers that produced maxima even dose to the nectar volume secreted by D. serrulata and these, Stemmadenia obovata and Thevetia ovata, with 66.0 and 58.0 Al, respectively, still only produced about half that of Drymonia. Both Thevetia and Stemmadenia are steady state bloomers. Drymonia serrulata nectar, characterized by sucrose dominance and a small number and low concentration of amino acids, is typical for large bee pollinated flowers (Baker 1983, Baker and Baker 1982) .
THE SIGNIFICANCE OF OIL PRODUCTION.-Drymonia serrulata is not pollinated by bees seeking oil as a floral reward as outlined by Vogel (1974) and ) for a variety of other Neotropical taxa, but rather by bees seeking a sugar dominated nectar. It is probably only coincidental that the primary pollinators, Epichatis spp., visit other flowers in which pollen and oil are the only rewards (Vogel 1974, Steiner, unpublished) . Unlike the oil collected from the oil flowers (Vogel 1969 (Vogel , 1974 Neff 1981, 1983) , the oil secreted by the flowers of D. serrulata is unlikely to be a significant food source for the brood of its pollinators. Some pollen and traces of oil probably become incorporated in the brood provisions from grooming the top of the thorax, however only a very small number of Drymonia pollen grains were found in Epicharis pollen loads and only 17 percent of the female bees (N = 12) collected had traces of pollen or oil in their scopae. The amount of oil picked up from Drymonia through grooming is very small relative to the large amounts present on these bees when collected from oil-producing flowers in the Malpighiaceae (Steiner, unpublished) . Therefore, one must be careful not to categorize D. serrulata as belonging to the oil-flower 226 Steiner syndrome in the sense of Vogel (1974) and Neff (1981, 1983) . Although the oil produced by the trichome elaiophors of D. serrulata is similar in its physical properties to the oil secreted by the glandular calyces of the Malpighiaceae (Steiner, unpublished), it appears to function not as a larval food source, but rather as an accessory pollenkit or adhesive that causes a greater proportion of the small (x = 40.6 x 23.9 Atm) pollen grains to adhere to the back of the bee. Although I have not demonstrated that oil functions as a pollen adhesive on bees, results using glass slides and the presence of large pollen patches on the Epicharis pollinators, even when they are caught on other flowering species (Steiner, unpublished) , are consistent with this hypothesis. The term adhesive suggests that the pollen is tightly bound to the surface of the bee, however this need not be the case. A film of oil containing pollen could easily be transferred to a receptive stigma.
The presence of adhesive discs that function in pollinaria transfer in orchids has been well known since Darwin (1862), and recently Vogel's (1981) detailed investigation of the anther hairs of Cyclanthera (Cucurbitaceae) has confirmed the hypothesis of Riss (1918) that the hairs produce a glue that causes pollen grains to adhere to visiting insects. Although the chemical composition of this "glue" was not determined (Vogel 1981) , its physical properties and staining characteristics are not those of an oil. The "glue" was resistent to both lipophillic and hydrophillic solvents and could be removed only with solvents such as chloralhydrate, sulfuric acid and chromic acid; it was also stained strongly by ruthenium red, a stain which indicates the presence of polysaccharides (Vogel 1981) . Halstead (1888) characterized the staminal hairs of other Cucurbitaceae (melons, pumpkins and Echinocystis) as oil producing glands that deposit an adhesive on visiting insects, but he did not chemically characterize the contents of the hairs nor observe pollinators visiting the flowers. Vogel (1981) mentions the stigmatic exudates of the Apocynaceae and primitive Orchidaceae as other examples analogous to Cyclanthera. Possible cases in addition to Drymonia in which oil aids in pollen transfer include some Malpighiaceae that have oil secreting anther connectives (Steiner, unpublished) and Mouriri myrtilloides (Buchmann and Buchmann 1981) . Buchmann and Buchmann (1981) discussed the potential nutritional use of Mouriri oil, but did not consider its possible role in pollen transfer. Although collected by both Paratetrapedia calcarata and Trigona pallens, the oil from Mouriri flowers is not collected by the principal pollinators, female Euglossa spp. (Buchmann and Buchmann 1981) . Pollen is extracted by these bees from the apically dehiscent anthers by buzzing. "Buzz" pollinated plants, such as Mouriri myrti/loides, are characterized by having small, dry, light pollen grains Hurley 1978, Buchmann 1983) , features that facillitate expulsion of the pollen grains from the anther. Such grains do not have a pollenkit that is as sticky as that of most pollen grains from anthophilous flowers (see Hesse 1980 ) and therefore do not adhere as well to each other and to the surface of a bee. Differences in electrostatic potential between the pollen and the surface of the bee, however, may compensate for this (Erickson and Buchmann 1983) . Oil picked up by an Euglossa sp. inadvertently while buzzing the anthers of Mouriri may increase the adherence of pollen grains to its sparse vestiture and result in more effective pollen transport.
The pollenkit of D. serrulata pollen grains has not been investigated but pollen similar to that of "buzz" pollinated flowers might be expected, since pollen must fall out of the anther sacs to reach the pollinator. A reduced pollenkit would facilitate this process and may explain the advantage of an accessory pollenkit (i.e., oil).
The collection of oil by Trigona pallens was first reported by Buchmann and Buchmann (1981) . T. pallens is the only bee that collects oils from true oil-flowers in the Malpighiaceae (Steiner, unpublished) as well as Mouriri myrtilloides (Buchmann and Buchmann 1981) and D. serrulata. Collection of oil by Trigona bees was first reported by F. Muller who observed Trigona ruficrus Latr. biting the calyx (oil-producing) glands of Bunchosia gaudichaudiana (Malpighiaceae) (in Vogel 1974, p. 178 ).
This together with his own observations of Meliponines licking calyx glands with their mandibles caused Vogel (1974) to suggest that Maliponines ingest oil as adults rather than mix it with their brood provisions. My observations suggest that Trigona pallens collects and transports oil to its nest, but whether it becomes part of the brood provision or is instead used for nest construction (Swartz 1948) remains to be determined. Collection of floral oils does not appear to be common for most Meliponines in Panama, as none of the 34 species that have been observed near the Pipeline Rd. site collect oils (D. W. Roubik, pers. comm.) . On BCI, however, Trigona cilipes has been observed collecting oil from the calyx glands of Stigmaphyllon lindenianum (Steiner, pers. obs.).
In Panama, at least five of 18 Drymonia species have glandular trichomes on the upper surface of the corolla throat (Skog 1978) suggesting that oil production plays a role in the pollination of other species as well. Some species of Drymonia are pollinated by hummingbirds (Wiehler 1978 and Feinsinger, pers. comm.) . Comparisons with these and other bee-pollinated Drymonia species should be made to characterize nectar secretion patterns and to ascertain whether oil production by glandular trichomes is commonly associated with the pivoting anther pollen deposition mechanism and to determine whether Drymonia serrulata is unusual in being pollinated by noneuglossine bees.
